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Colloid Chemical Properties of Some Denitrifiers 
 
Akiko WASHIYA1? Toshiaki HIRAI2? Tsuyoshi HAYASHI3 
 
 
In order to elucidate the effects of the solutes contained in waste waters; inorganic 
electrolytes and organic compounds, on the flocculation behavior and the denitrifying 
function of the denitrifiers that are employed in the biological denitrifying processes at the 
water purification plants. In the study, three kinds of denitrifiers which were gathered and 
cultured in Uenohara City, Yamanashi Prefecture; Pseudomonas aeruginosa(a bacillus with 
flugela), Alcaligenes sp(a bacillus with flugela), and Paracoccus sp(a bacillus without 
flugela) were used. Every denitrifier is Gram-negative and is negatively charged. 
Flocculation effects of inorganic electrolyte against the negatively charged bacterium sols 
followed the Shulze-Hardy rule. Among the inorganic ions, trivalent cations such as Al3+, 
Fe3+ caused strong flocculation. Some cationic organic matters such as Methylene Blue (a 
cationic dye) and benzalkonium chloride (a cationic detergent) adsorb on the cell surface by 
electrostatic force of attraction, resulting in the bacterium flocculation and also the 
extinction of the denitrifiers themselves by the well-known their action of disinfectant. As a 
result, under the conditions in waste waters in which higher the dispersibility of the 
denitrifiers, better the denitrifying function act with a high denitrifying rate. 
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1. ???? 
? ?????????????????????
???????????????????????
?WHO??????????????????NO3
?N?? 50mg/dm3??????????????
?????????????NO2?N?? 10mg/dm3
???????????????????????
???????????????????????
????? 10mg/dm3?????????????
??????????????????????NH3
?N????? 100mg/dm3??????????
???? 1) ? 
?????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????????????????
? 2)? 
?????????????? 1?m?????
???????????????????????
??????????????????????
???????????? 3???????????
???????????????????????
?????? ????? ? ? 
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2. ?????????? 
2-1. ????? 
???????????????????????
????????????????????????
???????????????????????
??????????Pseudomonas aeruginosa??
??????????Alcaligenes sp????????
Paracoccus sp ???????? 3???????
????? 1????????????? 1.3?m
?0.8?m??????????????????
?? 1.3?m?0.5?m?????????????
?????????? 0.6?m?????????
?????????????????? 
??????????? 1??????????
????????? 2???Becton Dickinson and 
Company??????????????????
????????????28??8?96h????
??????????????? 
??????? 
 
 
? 1? ?????????? 
 
 
  
  
 
 
 
 
 
?? ??????? 35? 
? ? ? ? ? ? ? ??? ? ? ? ? ? 15g 
? ? ? ? ? ? ? ????? ? ? ? 5.0g 
? ? ? ? ? ? ? ????? ? ? ? 10.0g 
? ? ? ? ? ? ? ???????? 5.0g 
?? ??????? 4? 
?? ?????? ? 8ml 
? 1.? ???????a???????????????
???b??????????????????c???????
??????????? 
????????????? 
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2-2.? ?????? 
????? 30?????????????? 3
???????????????? 20cm??12.5 
cm??????????????? E?????
???30cm?30cm??????????????
??????????? KNO3 ??? NO3???
???????????????????????
???????????????????????
???????????????????????
???????????????????????
?? NO3? ?NO2???? DIONEX??????
??????????DX-100??????????
?? pH ?????????? pH ????
?HM-60S???????????????
?CM-60S??????????????????
??IM-40S????????????? 
 
2-3. ???????????????????  
?????????????????????
?????????????? 2???????? 
HCl?NaCl?NaOH?? HNO3?NH4NO3?NH3
????? HNO3?NaNO3?NaOH??????
???????EC?????50?10?1?0.5mS/cm?
??? pH3?11 ??????????? 0?
0.2mol/dm3? pH ?????2.5?3.5?4.7?6.0?
6.5?7?10.5????????????PEN KEN
?? LAZER ZEE METER?Model 501?????
??? 100V?????????????????
???????????????????????
?????????????????????? 
?????????????????????
?9.6mS/cm?HCl?NaCl?NaOH??? pH??
????????????????????
15g/dm3???????????????????
???????????????????????
???????????????????????
?????????????????? 
 
2-4. ???????????????????
??? 
??????????????????????
???????????????????????
???????????????????????
????????????? 
 
2-5. ?????????????????? 
2-3????????????????????
?? 500?S/cm?HCl?NaCl?NaOH??pH7?
? 2? ???? ? 3? ???? 
?????? ????? ? ? 
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? 4.? ???????????????
???????????? 1600mg/dm3. 
a??????b??????c????? 
??????????15g/dm3?????????
???????????????????????
??? 0?0.93????????????????
???????????????????????
???????????????????????
??????????????????????? 
 
2-6.? ?????????? 
2-3 ???????????????????? 
Brindley ?????????????? 6????
???????????????????????
?????????????SPN-400??????
???????? Ubest-35 ????????
665nm ???????????????????
??????????????? 0.03g ????
?????????????????? 
 
 
3.? ??????? 
3-1. ??????? 
?????????? 1600mg/dm3 ?????
???????????????????????
???? 4??????????????????
???????????????????????
?????????? 3 ??????? 8 ???
???????????????????????
??? 3???????????????????
????????????,?????? NO3??
NO2??mg/dm3?????????? 41????
?????????? 100??????? 99??
???????? 92????????? 10?S/cm
??????pH ???? 5 ????10?S/cm ?
???????????????????????
??? pH?? 7?10?????????????
???????????????????????
??????????????????????
???????????????????????
??????????????????????
??????????????????????
???????????????????????
??????????????????????? 
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3-2. ?????????? 
? 6 ???????3???????????
?????????????????????
?????????????????????
?????????????????????
EC 0.5mS/cm? pH????????????
?? EC 50mS/cm?????????????
????? pH3?7????????????
???pH ????????????????
?????? 3??????????????
?????????????????(? 7)???
?????????????????????
?? pH1.5???????????? pH2.0??
???????????????????????
??????????????????????
????????????? pH????????
???????????????????????
???????????? 8??????????
pH1.5?2.3?????????????????
pH2.5????????????????????
pH2.5????????????????????
?????????? pH ??????????
??????????? pH4 ?????????
???????????????????????
????????????????? 
? HNO3-NaNO3-NaOH ???? 3 ??????
? 5.?  ??? 10?S/cm??????pH?
?.HNO3-NaNO3-NaOH?. 
? 6. ? 3???????????pH???a??????b??????c????? 
HCl-NaCl-NaOH?,??????EC? 50,10,1,0.5mS/cm. 
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? ? ? ? ? pH ? ? ? ? 9 ? ? ? ?
HCl-NaCl-NaOH ?????? pH3?7 ????
????????????????? 50?10?1?
0.5mS/cm ?????????????????
?? pH???????????????????
???????????? Na+?????
HCl-NaCl-NaOH ??????????????
?????????HCl-NaCl-NaOH ?????
? HNO3-NaNO3-NaOH ???????????
??????????????????????
??????? 
pH7 ?????????? 3 ?????????
??? 10????pH7????????????
???????????????????????
???????????????????????
??????????????????????
???????????????????????
?? 
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? 8.? 3???????????. a??????b??????c????? 
 
1.3 
a 
1.5 1.8 2.0 2.3 2.5 4.03.53.0 4.03.5 3.0 2.5 2.02.51.3 2.0 1.3
b c 
? 7.  3??????? pH??????????. a??????b?????? 
c?????.  HCl-NaCl-NaOH?, ????? 9.6mS/cm,pH1.3~4.0. 
????????????? 
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? 11.?  ??????? .1??????
? 0.007mol/l?? 2?????????
? 0.045mol/l?? 3?????????
(0.007mol/l)?4????????(0.05mol/l)?
5?MB(0.005mol/l). 
???
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? ? ? ? ??
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3-3. ??????????????? 
? ????????? 11???????????
???????????????????????
???????????????????????
????????????????????????
??????????????????????
??????? 
??????????????????????
???????????????????????
???? 0??????????????????
???????????????????????
??????????????????????
??????????? 
 
3-4. ????????????? 
? 72 ?????????? 12 ??????? 13
???????????????????????
??? 0.026?????????????????
???????????????????????
???????????????????????
??????????????????? 0???
???????????????????????
???????????????????????
???????????????????????
??????????????????????
??????????? 
5
? 9.? 3 ???????????pH ??. 
HNO3 Na NO3-NaOH?, 
????? 12mS/cm. 
?10.?  pH7??????????3??
????????. 
HCl-NaCl-NaOH?. 
1 2 3 4 5 
?????? ????? ? ? 
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? 12. 3 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 72 ? ?
??.0:0%,1:0.016%,2:0.023%,3:0.093%,4:0.16%,5:0.23%,6:0.93%(wt). a??????b??????c???
?? 
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???
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? ??? ??? ??? ???
????????????????
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?
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? ???? ???? ???? ??? ??? ???
?????????????????????
?
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?
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? ???? ???? ???? ??? ??? ???
???????????? ????????
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? ???? ???? ???? ??? ??? ???
?????????????????????
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? 14.? 3????????????????????????. a??????b??????c?????. 
0 0 01 1 12 2 2 3 3 3 4 4 4 5 5 5 666 
a c b 
? 13.? ????????????????.??? 500?S/cm,pH7.a??????b??????
c?????. 
????????????? 
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? 15.? ??????MB????????.
?
???
???
???
???
??
? ???? ??? ???? ???
????????????
?
?
?
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?
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? ???? ??? ???? ???
????????????
?
?
?
??
?
?
?????
?????
? 16.? 3 ????????????????. 
a??????b??????c?????  , 
HCl-NaCl-NaOH?. 
???????????????????????
???????????????????????
????????? 0.093??????????
????????????????????????
??????????????????????
???????????? 14?????????
?????????????? 0.023?????
????????0.091????????????
??????? 0?0.023???????????? 
0.093????????????????????
???????????????????????
????????????????????? 3
??????????????????????
??? 
 
3-5. ??????????? 
? 15???????????????????
??????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????????????????
15??????????????????85m2/g
?? ,?????? 77m2/g ?? ,??????
7.8m2/g ?????,?????????????
???????????????????????
????????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????????????????
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? 3-6. ???????????? 
? HCl-NaCl-NaOH ?????????????
?????? 16???????????????
? 0?????????????????????
?????? 7,8????????????????
???????????????????????
??????????????????????
???????????????? 7,8,9?? 
????? pH6.0 ???????? pH ????
???????????????????????
???????????????????????
??????????????????????
???????????????????????
??????????????????????
???????????????????????
????????????????????????? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?  
 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?  
. 
4.? ?? ? 
? ??????????????? 3??????
???????????????????????
???????????????????????
??????????????????????
??????? 
?1?? ?????? NO3?? NO2??mg/dm3?
????????? 41????????????
???????? 100???????? 92???
???????????? 99?????? 
?????????????????????
???????????????????????
?????????? 
?2?? 3????????? pH3?11????
???????????????????????
??????? pH1.5 ????????? pH2.0
????????? 
???????????????????? 
??????????????????????
???????????????????? pH2.5
????????? pH2.5 ??????????
??????????????????????
pH1.3?????????????? pH4???
????????? 
?3???????????????NaCl?CaCl2?
MgCl2??? 1 ???? 2 ??????????
????????????????????3??
???????????????????????
???????????????????????
??????????????????????
?? 
?4?3 ??????????????????
???????????????????????
???????????????????????
?????? 3?????????? 
?5 ????????
??????????????????????
???????? 
?6????????????????????
???????????????????????
??????????????????????? 
 
?? ?? ???????????????????
??????????????????????
???????????????????????
??????????????????????
??????????????????????
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